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Abstract

In this report, the Polypyrrole, PPy/Sn and PPy/SnO, nanocomposites have been prepared through a facile chemical oxidation
polymerization (COP) techniques. The resulting nanocomposites were characterized by Fourier transform-infrared spectros-
copy (FT-IR), X-ray diffraction (XRD) and UV—-Visible spectroscopy (UV-Vis). FTIR analysis confirms the presence of nano
tin and SnO, particles in the molecular structure. XRD patterns revealed that the sample is crystallite nature with tetragonal
structure. The average crystallite size for the PPy/SnO, and PPy/Sn nanocomposites are 27 and 56 nm. In addition to this,
the surface morphologies and elemental compositions were investigated by field emission scanning electron microscopy
(FESEM), high resolution transmission electron microscopy (HRTEM) and Energy-dispersive X-ray spectroscopy (EDX).
We obtained the aggregate, hollow nanosphere for PPy/Sn nanocomposites. The results indicate that the hollow sphere of

the nanocomposites effectively enhances the electrical conductivity.
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1 Introduction

Recent years, the synthesis of electrically conducting poly-
mers have been focused on the various polymers such as
polypyrrole, polyaniline, polyacetylene and polythiophene
as well as they initiate a huge range of applications as syn-
thetic metals, as they can alternate for semiconductors and
conductors in an enormous variety of electronic and elec-
tric devices [1-4]. Amongst plenty of conducting polymers
(CPs), polypyrrole (PPy) is one of the most broadly investi-
gated owing to its unique transport properties, facile synthe-
sis, higher conductivity, good environmental and electrical
stability [5]. Moreover PPy offers tremendous technologi-
cal potential applications such as battery electrodes [6],
biological sensors [7], corrosion protection [8], microwave
shielding [9, 10] and sensors [11]. It can be easily produced
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under chemical and electrochemical conditions in special
organic solvents and within aqueous solutions. Notably, the
chemical synthetic procedures are typically focused on the
formation of nanostructured polypyrrole materials [12-18].
A new class of materials emerged, known as composites,
prepared by mixing properly with organic and inorganic
base materials in appropriate form. The composite materi-
als have individual properties, however as seen in some of
the cases, they can also have few desirable properties from
both the parent organic and inorganic class of materials. As a
consequence, there are growing interests in combining both
organic and inorganic materials for applications in electron-
ics, optics, magnetism and etc. [19-21]. Nevertheless, metal-
lic nanoparticles have been extensively deliberate because of
their exacting importance in many applications. Moreover
the metal oxide nano materials exhibit a high surface area
to volume ratio and are thus expected to modify the optical
and electrical properties of conducting polymers [22, 23].
Some efforts have been over with regard to the synthesis of
conductive PPy or PANI with metal oxide nanocomposites
such as MnO,, TiO,, NiO, ZnO, and Fe;0, as electrode or
hybrid materials with high capacitance and suitable perfor-
mance for supercapacitor applications [24-30]. Recently, the
large variety of metal nanoparticles, diverse methods for the
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fabrication of tin nanoparticles have been often proposed
[31-33]. A rutile tin oxide is an n-type semiconductor with
a broad energy gap (Eg=3.62 eV, at 300 K). It is mainly fas-
cinating, because it has high chemical stability and excellent
optical and electrical properties and has been extensively
used as a catalyst for oxidation of organic compounds, and
as gas sensors [34, 35], rechargeable Li-batteries, and optical
electronic devices [36, 37]. On the otherhand, the inorganic
core can be a metal or a metal oxide, and the organic shell
can be a conducting polymer. Incorporation of inorganic fill-
ers into conducting polymer matrices has also been studied,
utilizing both chemical and electrochemical polymerization
processes [38].

The present research work describes an efficient method
to synthesize and characterization of pure PPy, PPy/Sn0O,
and PPy/Sn nanocomposites was performed through chemi-
cal oxidative method at room temperature. The influence of
SnO, and Sn nanoparticles coalesce with PPy matrix will
provide an enhanced electrical conductivity. To our best of
the knowledge no comparative study on the synthesis and
performance of such materials has been presented so far. The
molecular structure, crystalline, morphological, elemental
composition, dielectric and AC electrical conductivity of
synthesized samples were investigated in detail.

2 Experimental Methods
2.1 Materials

The pyrrole monomer (99.98% pure) Sigma Aldrich,
K,Cr,0; (Sigma Aldrich), Sulfuric acid (H,SO,) (Merck),
nano tin (98%) (Nano shell), Tin (IV) chloride (Merck),
DDW (Double Distilled water) is used for all reactions. All
the chemicals are of AR grade and are used without further
purification.

2.2 Synthesis of Polypyrrole and SnO,
Nanoparticles

The Polypyrrole was prepared by using chemical oxida-
tive polymerization method. H,SO, is used as a dopant
(K,Cr,05) is used as an oxidant. The pyrrole monomer solu-
tion was stirred at ice temperature and H,SO, solution was
added drop wise into pyrrole monomer solution. The reac-
tion mixture was stirred one hour at constant rpm value. The
solution of 0.5 M of K,Cr,0, was added drop wise into the
mixture.This reaction mixture kept under the ice tempera-
ture and stirred constant RPM value at 24 h continuously.
The black precipitate was separated out by filtering. The
final product was dried in laboratory oven at 100 °C for
90 min. Finally the product was ground into fine powder
using mortar and pestle. Typically SnO, nanoparticles were
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synthesized by co-precipitation method, using SnCl, as a Sn
source. Then 0.2 M of SnCl,-2H,0 was dissolved in 200 ml
of DDW. After that 6 ml of ammonia solution was added,
and the mixture was stirred vigorously at room temperature
for 1.5 h to form a precipitate. The white gel precipitate was
allowed to settle for 14 h, collected by filtration and thor-
oughly rinsed with distilled water. The obtained precipitate
was heated at 110 °C until dry, and then calcined at 500 °C
for 5 h to yield SnO, nanoparticles.

2.3 Preparation of PPy/Sn and PPy/Sn0O,
Nanocomposites

The particular amount of PPy powder was blended with
100 ml of distilled water and the mixture was added to
200 mg of nano tin particle and stirred constant RPM value
at 12 h continuously. Then the precipitate was separated
out by filtering. The final suspension was dried in an oven
at 100 °C for 60 min. Similarly the same procedure was
carried out for the PPy/SnO, nanocomposite instead of Sn
nanoparticle.

3 Results and Discussion
3.1 FT-IR Spectral Analysis

The chemical structure of pure PPy, PPy/SnO, and PPy/
Sn nanocomposites was confirmed by using FT-IR spec-
tra are presented in Fig. la—c. The absorbance bands at
619 cm™! and 617 cm™! is due to the presence of antisym-
metric Sn—O—Sn band, this peak clearly indicates the forma-
tion of SnO, and Sn nanoparticles on PPy/SnO, and PPy/
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Fig. 1 FTIR spectra of (a) PPy (b) PPy/SnO, and (c) PPy/Sn nano-
composites



Journal of Inorganic and Organometallic Polymers and Materials (2020) 30:5217-5223 5219

Sn nanocomposites [39]. In Fig. 1a shows the characteristic
band of pure PPy, the peak at 1401 cm™! is attributed to N—-H
stretching of pyrrole ring [40]. The peak at 1182 cm™! cor-
responds to C—N stretching vibrations [41]. The very strong
peaks at 1056 cm™! and 1170 cm™! are attributed to (C—H)
in plane vibration [42]. The characteristic peak at 883 cm™"
corresponds to C—H out of plane bending vibrations. In the
characteristic peak of PPy/Sn nanocomposite at 1562 cm™!
is attributed to the pyrrole ring stretching vibrations [43].
The characteristics bands of 1556 cm™! and 933 cm™! can
be assigned to C=C bands and N-H in-plane vibrations [44].
In the PPy/SnO, nanocomposites, the absorption peak at
1621 cm™! is attributed to the bending vibration of water
molecules [45]. The FT-IR peaks acquired are in good agree-
ment with the reported literatures. The interaction between
PPy and nanocomposites may promote the charge separa-
tion and therefore be able to enhance the electron transport
property of PPy/SnO, and PPy/Sn.

3.2 XRD Analysis

Figure 2a—c shows the XRD patterns of PPy, PPy/SnO, and
PPy/Sn nanocomposites. In Fig. 2a, the XRD spectra showed
that the PPy was amorphous in nature. The broad amorphous
diffraction peak which appears at 20 =22.85° [46]. In Fig. 2c
shows that the XRD pattern of PPy/Sn. The sharp peaks are
at about 30.49°, 31.90°, 43.73°, 44.76° and 55.33° can be
associated with (200), (101), (220), (211) and (301) respec-
tively, which attributed clearly Sn nano particle are exist-
ing in PPy matrix. XRD spectra showed that the PPy/Sn is
crystalline in nature. This matches well with JCPDS, tin file
No. 89-2958. The PPy/Sn nanocomposite shows tetragonal
body centered, which are in good agreement with the litera-
ture. The average crystallite size for this PPy/Sn is found
to be 56 nm. All the strong diffraction peaks of (Fig. 2b)
PPy/SnO, nanocomposite can be perfectly indexed as the
tetragonal rutile structure for 20 values of 26.36°, 33.62°,

37.72°,51.56°, 54.56°, 57.5°, 61.64°, 64.5°, 65.66°, 71.14°
and 78.54° can be associated with (110), (101), (200), (211),
(220), (002), (310), (112), (301), (202) and (321) respec-
tively. The crystallite size of the prepared PPy/SnO, is
27 nm (by using the Voigt curve to fit a peak of FWHM
value), which was calculated according to Scherrer equation
of d=0.9M/BcosB (A is the X-ray wavelength, 3 is full width
at half maximum value, and 0 is the diffraction angle). In
the PPy/SnO, and PPy/Sn nanocomposites form, all major
peaks for Sn and SnO, were observed, suggesting that PPy
was deposited on the surface.

3.3 UV-Visible Analysis

The UV-vis spectra of PPy/SnO, and PPy/Sn nanocom-
posites are shown in Fig. 3a. The characteristic absorption
peaks at 291 nm and 290 nm indicates the t—r* transition of
the heteroatom aromatic pyrrole ring. The bandgap energy
of the PPy samples was calculated by extrapolating the
graphs between hv vs. (ahv)? (Fig. 3b) using Tauc’s relation
(achv)"=B (hv-Eg), where, a is the absorption co-efficient,
h is the plank’s constant, v is the frequency, B is a constant,
Eg is the bandgap energy and n is the number that char-
acterizes the transition process (for direct bandgap n=2).
The calculated bandgap values of the PPy/SnO, and PPy/
Sn nanocomposites are found to be 3.38 and 3.48 eV. From
the results, the bandgap decreases with the increase of Sn
and SnO, nanoparticles. The reduction band gap offers rapid
electron transport behavior which causes good electrical
conductivity.

3.4 Morphology and Elemental Analysis

The morphology of the obtained PPy/SnO, & PPy/Sn
nanocomposites have been performed using FESEM with
EDX and the images are displayed in Fig. 4a—d.The high
maginification FESEM image obtained the presence of

Fig.2 XRD spectra of (a) PPy

=)
(b) PPy/SnO, and (c) PPy/Sn g": .
nanocomposites = =
= ~
O~
~N
&
£l
L i
o . - -
- - - s
£ T 2 ] ¢
s z
IS 2
- 3
&
10 20 30 40 50 60 70 80 90

20 (degree)

20 (degree)

@ Springer



5220

Journal of Inorganic and Organometallic Polymers and Materials (2020) 30:5217-5223

Fig.3 a UV-visible spectra and
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nano tin and SnO, particles uniformly distributed through-
out the nanocomposite sample (PPy/Sn) shows spherical
in shape and nano tin particles are embedded in the PPy
matrix, whereas the PPy/SnO, nanocomposite were found
to be irregular in shape and there is some agglomeration
appeared in the image. In order to further confirm the
presence of Sn and SnO, nanoparticle, energy dispersive
X-ray (EDX) spectroscopy was used to observe the ele-
ments such as C, O, N and Sn in the nanocomposites are
shown in Fig. 4b, d.
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3.5 HR-TEM Analysis

The HRTEM micrographs and SAED pattern of the synthe-
sized nanocomposites are displayed in Fig. 5Sa—d, suggesting
the formation of high-resolution (HR-TEM) investigations
give further insight into the morphologies and the struc-
tural features of PPy/Sn and PPy/SnO, nanocomposites.
The obvious contrast between the dark edge and the pale
center of the spheres confirms PPy/Sn nanocomposite hol-
low nanosphere nature from Fig. 5¢ [47]. Meanwhile the
SnO, blended PPy shown some agglomerations appeared in
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Fig.5 TEM image of a, b PPy/SnO, and ¢, d PPy/Sn nanocomposites

the image. One can see its hollow structure and clear grain
boundary on the surface. It suggests that the as-obtained
hollow sphere is constituted by aggregation of small Sn nano
particles, which is in good agreement with the XRD pat-
terns. The hollow structured sphere may the reason for boost
the electric conducting property of PPy/Sn nanocomposites.

3.6 Electrical Transport Property

Figure 6a displays AC electrical conductivity of PPy, PPy/
SnO, and PPy/Sn nanocomposites at room temperature. Con-
ductivity measurements have been performed by a typical
two probe technique. The AC conductivity of (Fig. 6b) pure
PPy is 6.7x 107 S/cm, where as the conductivity of PPy/
Snis 5.2x 107" S/cm and PPy/SnO, is 3.9x 10~ S/cm. The
results revealed at lower frequency region the conductivity
is constant, at some point the frequency increases as well

as AC conductivity also improved, it might be the reason
of hopping of charge carriers [48]. As we compare to the
AC conductivities of pure PPy with PPy/Sn and PPy/SnO,,
the conductivity has been increased by four order increase
in AC conductivity. The result shows that nano composite
posses better electrical conductivity than pure PPy. This
enhanced conductivity of PPy/Sn is due to the combination
of amorphous and crystalline structure. In accordance to the
ordered hollow nanosphere of PPy/Sn nanocomposite, more
efficient network for charging in the PPy matrix might result
in increased conductivity.

The DC conductivity is decreased when increase of fre-
quency. The frequency dependent dielectric constant was
observed in Fig. 7a. At lower frequency the dielectric con-
stant decreases with increase in frequency. At higher fre-
quencies the dipoles follow the field and dipolar polarization
the dielectric constant value is very low nearer to zero. The
dielectric constant is high due to the accumulation of charges
at the boundaries.

4 Conclusion

Nano tin and tin oxide blended with Polypyrrole (PPy/Sn
and PPy/SnO,) were synthesized by adopting a facile chemi-
cal oxidation polymerization method. The XRD pattern
shows that the PPy and PPy/Sn and PPy/SnO, are amor-
phous and crystallite in nature respectively. The average
crystallite size of PPy/SnO, and PPy/Sn was found to be 27
and 56 nm. The FESEM and HRTEM morphology showed
that the nanocomposites are hollow nanosphere due to the
presence of Sn nanoparticle and EDX study reveals that
the Sn nanocomposite is evenly distributed throughout the
polymer matrix. The FT-IR and UV-vis analysis confirmed
the PPy/Sn and PPy/SnO, nanocomposites. The dielectric
constant decreases with increase in frequency of PPy, PPy/
SnO, and PPy/Sn. The achieved results showed that the PPy/
Sn has better electrical conductivity than pure PPy and PPy/
SnO, indicated the incorporation of tin nanocomposite in the
polypyrrole sample.
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